
~~~~~~ DSAO76 5O7 IBM THOM*S U WATSON RESEARcH cENTER YORKTOWN HEI6HTSNY :,G 2o/5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

14016.9—P 
DAAG2O—t 6

LASSIFIED
9 P P SOROKIN

O F !  S END
4O78OO~ FIL~ IO

12-79•



rf
w

~ 1
AUi J~LO/ ~. ~-A

REPORT DOCUMENTATION PAGE

II~~~~ TT IrTT 1T

it “
~~~~~~~~~~ • •

~
(;..- -.~-- - . I -

— : - : : —
. ~~~~~

— .~ —— ~ ~~~ l~~~M$LRI

‘ ~ v ”t  
- — . 

~~ /

- 

— 

—

_ _ _  
/ .1

~ 
, 

~
“ i 1’

. — 

A I —p

T 
~~~~~~~

‘ J UiI~ LtLk IT~~~ T_~±~

:~~~_ _

— I - ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

c_3 ’ ~~~~ _ _  

_ _

~~~~~~~~~ ~:::~~‘~

I I
DO 

~~~~~~~ 1473 c1w ’~~ No r  
~~~~~~~~~~~~~~~~~~~ - - C

t r  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r.~( 
~~~~~~~~~~~~~~~~~~

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — . ——.-~~~~ - -——-- -— - — . — - --- —-——~~~-~~---~~~~~~



r — 
_ _ _ _

Siud~ of Lgsers

F :n.i I R~ p~ rt

Pctcr P ‘~, ‘r ki!~

I I

I ‘, • \ : ‘~~~~ R t

() \ \& — 
~ )l e~

IH%I t~i tn.~ J ‘.‘~ ~~~~~ r~ (~~ nt cr

~~~~~~~~~ Hc:di~’ ‘.c ~ \

~~~~~~~~~~~~~~~~

.~P?ROV ED FOR Pt RI U RI I I .\~ I
DISTRIRU1I(~ \ “I I%IITFt)

_____________ —



P~igc 2

I In ir odutt ion

t he ~s ~~~ ‘I the ~~ntr ~~.t Just ~~~nL !uded ~.omprIscs ~~~ r r j l  studies In rough ~rtier

•mp rtan~e . ~he p~~~s arc as ‘ J ~~~ s I t i me-rc ~.oked nlr~* rcd . i ! ’ J i  photographs . 2 )

I. e r - t ndwcd  :wr ina~ ~~pi s.ons . I r i0 m tunab le SO UtLC utiliirng t o u r - w a s c  mixs n~ n

r a t  dr~~en. and 3 rij r :cnLati ~ n i tie . I 1  ~Litc 14,. w i th  a s ie ~~ to ~ ar ds

photon amphfi~ation Results a~hiesed are brief) dcs~ribed Ncl~~~

II  Pñnctpal Results

Ui) I me ~~~~~~~ )n(r .i rcd ~j~~~~~~a

) ) u n n ~ he ;‘cn~~ t ~~~~~~ ~~~~~ui: ~~~~~~ c~pe~ 
— 

~s h~~h .iii~’u.~ ‘r~ aiJtiand

n : r ~~~ . r;’~~ n spc ~~i r . I  ~~ he ;‘ti ~ .ip~~ed .~ th ~~~sc~ ~~~~~~~~~~ es e n  und er  ~.me

~~~n~~it ’n~~. :i .1 ~~~~~~~~ 1 sp ii~c i i I ~e t . i ~ t s  .ini ~he ’r t~ . .ii .i’~~’t . t ’~ ~t thi s method are

Jiscusc~d i t  ~~~~~ i’ [~ Ur ic tk  :hc tc.hnit ~uc , I ~:es ~h~ d rJe ~ nonlinej ntics •~t alkali

r n c t a l  ~~~ ~~~ .~~~ ‘ h~~ i~~~’s ( ~ I gene rat io n ‘f  a r L k c l . br~ .idh.ind . nt ra red

~~ n t n u u m  ‘scam ( r  ) ~ r~~~h ~an ;‘r hc t h e  ib~~.r~’ t n  ~t a sampl e  and 2 )  subsequent

~on% croon h s  i r ‘cam. .~ h t e ~dc,.f spc~ i i  ;ntorinat ion .*h~ u the sample t~’ the

s~ he re t an he ri ri ‘~ . , r a p ti i~. . iJJs ‘ r ;‘h~ t~ c e~ t r , atls rerorded I he ~ ; ‘r n 2r I

i nlinear ;~~ 
. esses  r is  ~1s ed ir e diaizrammcd ii I ~ I ( ;cne ratin n r s a~~. om pl i sh cd  h~

P~roadhand mu a t ’  CJCLCr ni Raman ~.. i(t c r in~ ( S )  R~s in a fi rst alka li meta l apo r

~eat çIipe se n ( HP) ri 1 ~ 2 ~ broadband ~~~~ I(X)Oc rn visible he lase r beam ~

‘r~~lnat Cs r m  n r r r~ c s s  ~upc t i r e ~~.. c i t  dse  : c J )  f i . . :n f~~ 2)  and is subsequently

• 
~e e~ ci i .i cw r. i iJcs and ‘ c~aced •ti t~ HP I This s isible beam. he

ir:marv beam ‘r r i c  SI RS process s ~~‘ n s c t 1 e i t~ a n in f rared ~~cs bea m has ing wri st-

m ild ’. ‘he same spectra i  width and pulse duration 1 ~ncc ~ is r The i spectra) range

~panncd ‘s r depends n ~‘ ‘ t h  r and he cner~~ t the final e~ectr nic state ns , lsed in the

Raman rans t i . n I-or Rh . w ith r in (he vi C inut ’. ~1 the ~ip resonance lines , the infrare d

— — --- -~ - • - - -~~- -~~ —~~ .~~~~~~~ .. ~ r_~~~ ,— 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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generated tails in the 2 um range With the use it dsc  4ser cont inua spectrally k~~ated near

other alkali resonance mrs . generat ion f broadband r ri ses er al dilte rent regions . extend ing

out to at e. ist 3O~m. should be possih t c

The second nonlinear pro .cr v~ diagrammed in 1 ~ is responsibl e for the upconver~ ion

that ‘c, u1s ri the second heat-pipe en I HP2 in Fig 2 ) A narru s hand laser beam rL.

injected into 11P2 via a silicon wafer (S i .) . ~ef ler . i t cs h% S I RS a narrow-band Stok es beam *

Reams r~ “. and hej i tog ether in 11P iii ~1 ’Cu, e an up~on’.ertcd beam r ‘~s means 1

the reso nantls enhanced f o u r - s a s e  m sin~ ;‘r~~ c’.s ‘.h wn ri I ~ I The int ensity I a gisen

pc~~ ral omponent t is . ncj r  v proportional ‘ Is r resp ~ ndn~ r , ~imponeni thus

.nt ra red spec tra arc simpl~ t r a ns la ted i the . s hic r’~ the t t ~ ed Ra man c ncr ~ ies I the alkali

me t a l  atoms in I(P rhis ;~r icedurc k I S S ’ .  ne :ih, c ad ’ .anta~e f he f . i s !  that dete ctors

4 .
,_L~ ‘ — S

—-

I •~ t i rc I I.cye l diagrams ~~r he Ra- - — !__ ~~~~ 4s

man generat ion and f our -w ase upcon- -, . .  — . - ~,

E~.e~ sion processes

H
_ _ _ _  

.~~~~~~~~~~~~ i
_ _ _ _ _ _ _ _ _ _ _ _  - . -
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w it h high inherent spectra l resolution exi st or the visible region
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N.
1-igure Diagram 1 c~pcrimental apparatuss.,

Inf ra red spectra ‘1 several molecules I (‘IL , IL)  ‘.11 ,. CH 4. CH~
\( . tetr ah~dropvra n

quadricvcla ne ‘acr e recorded w i th  his technique . Transient sp c i t r a  ‘f the ase r induced

s~’mer i ;aui ’n ( 1L \r  —
~~~

11
~~~~~

5
~ 

ac re also recorded ~ th ‘ apor used n HP) . t he

Co nt inuous ran ge $ -4C$)Oc m has rio~ been probed

Recent effort s n our •ahor i toncs hase shown that dye cells (‘ p . C,, and C. in Fig can

cf 1ecti~elv “e replaced with .i single high output broadband dye laser leading to  simplification
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of t he apparatus. Also ii has been demonstrated that the ~ AG pump laser ortgtnally

used carl ct ! ect iselv he replaced with a XcCl exc imer laser This potentially a llows

probing to  3O~m

-\ patent application ‘n this technique ‘.s .is re c c n t t ~ f i l ed hs IBM

b( Laser-Induced Thermal I sp l. sio ns H11

Applicati on it single pulses ‘I ( ‘O. TI isrr r, idiat -n to  a ap.ir ~f methy l isocvanidc

with t ric ase r tuned to -. ‘ir~ ide wit h the fundamental !re ~ uenc ’ . ‘f this molecule .

rCs u i t e ~I in ct t~~icr i t  c ’n’ .crs ion it the ~.is t ’  is ~omer . n c t h ’ . J  csani de ( l 1~ C~s The

esper iments , pe rt ’rmcd at r on, temp e ratur e at pressures 11 ) - i ( If  T - ‘n, ~ erc interpreted in

ter ms ‘I .a’ .er nduced heat in g  a hich s ‘.,it! ei~t ~~~‘ :r Cge r a therm a l esp ~os i~’n ~

-~~s. i’ ed s pe,: ra ‘f this reaction ~ rrc recorded

It sh ’ ’ i k t  tie emph asized that I IT I s an e1f~’ . t . Ci1 ( ’ l j u i~ rcai i ;ahle ~ ith exot hermic

reacti o ns The nit i.it ng ( ( ) . • ‘r HI nf r a red :a ser  ‘‘cam r iced f l i t  nccessar ~J\ ‘‘c fo cused in the

.a p.- r  It s n ’ . lcct rc sar s th at t ie f ’ j l i S S~ng t t i r e s ri ’id ,ndiii, rl k 
~‘e ..it~.f icd

F (( . 2 ,1
— - - - - -  i l l

Here .~T s the minimum initial temper ature nse needed t. r the thermal espioc ion to deselo p

the other parameters appearing n I ~ i I) ire is f -  ‘J lo~~’.

hernial .,ondiicti ’ . I ts  ‘ i f  ,z .i s

ri number densit y if r eact ing rn ’ IcLul c c

radius of laser beam n ~as

heat - i f  ~c ; ict i . ’n

Ar~h~n~Us pre-e x ponentia) factor

F ~rrhenius activation energy 

-
~~~
.
—~~~~ —~~~~

—- —-----~
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With an unfocused infrared laser beam the reaction can by uniformly initiated os’er large

volumes It c inscquent lv can he made to  deselo p in relat ivel y short times , without the

~ curre nce of sk iSS propagation ef fec ts  ~~e hase recently ,jhseryed laser induced thermal

cspl i’s i i ins is.currtng on a microsecond time scale

Other ex am ples it [iTI- r e a ct i o n s , cur rent l~ under .n’ .est~~~tti ,n in our laboratory . arc the

unimulecular decomposition i f  deutero-hydrazoic acid - and the unimolecular isomerization of

de~~ar hexaf )uiirobenze ne DHFB to  its sale nce isomer, hexaIluoriihenzene IHFB ( I3oth

~ea c t r * ’ n s  are suita ble F ’ r  s tuds hs t ime-reso lved s pc5 Iral photographs

c f  l~~~m T unable I R  Source I tili,rng F ’ ur-~~ asc  ~li5ii1~ in

I e, ,.m ~.idi.ition s .iur~ e based uriiri the comb ined tc ~~ts ot stimulated t i rat i , ’nal  Raman

s~~.itte r It C and res s n u r i t i s  e nha nced - ‘o r - e m s inc  in ra ra h~ drogen ~as ~ as

demonstr a ted * ‘ I hr maximum ‘ i lp ut  in ~ as measure d t~ he - - 4 ) i i~J pulse . ~ hich sas

near the :hcoreti5a l m r  f i r  he 2 ~\1W ( (  ~~. :a~~ r i n tens it i es  that wer e app lied Subsequent-

s in a patent application f~lcd bs IR~sf . it SS .I’ sho~~n th aI • t  an Ill- • ‘r DI- user w as  used as

:hc Raman f r i v e r . ri p lace - f the s isi hle laser ‘riginalI~ iseil in the scheme. outputs if ~4Omi

it Irium old ‘~c ex pected a t n  a ‘ I J  
‘
‘) . •a sc r  ~~~ sche me ii’.,’ pri’s idcs an output that

can ~e e.isii’. t r i e  tuned . s l r i c c  t here 5 no t h r es h ’id requirement insolsr nc the CO . lase r , and

the .itt~~r n i ’ .  thus he hos cri ‘ tie •i t i g h  pressure.  c int inui’ us~s tunable .isct

di Studies ‘I the -
- II St ate ‘f H.

Sig nrf ca nt populations in the rnetasta hle II manifold it H, -ac re obtained in a pulsed

J rcch .tr .e fl-i s manifold potentially could ¼&’ r~ e as the upper state for two-photon sti mulated

emission to he autodissociat ing h~~ level To e~aIuatc this possibilit~ studies of the

population .t e nts i t ; t - s m d  quenching t ,mes - ‘f  some ‘i f  these esels ~ erc made using pulsed lase r

techniques A peal den cits - ‘f Il) cm 1 in the cu 1 manifold was measured, with ohcer~cd

quenching times ‘f .mppro~ imatelv lOnse . Similar densities were observed in the a~~~

L — - - -~~~~ -- - -  — — -- 
~~~~~~~~~~~~~ -“-~~ - -—- -—--- - - - —

~~
--- - —  -- ~~~~~~ -~~---~~~~ -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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manifold This state could potentially bc utilized to produce one-photon stimul ated emissions

a— h , tunable from 2 tO e\’ The spectral dependences - ‘I both one- and two-photon cr oss

secti ons were calculated It was found that the two-photo n cross: section c — h peaks at I 3eV

w ith a salue ‘‘I l0 ~ cm~ seC wh r !e the one-photon cross sect ion i— h  peaks at ~e ’5 wit h a

.i lue 1 c )0 ~cm In s tew if the relatively small cr i iss sr~ tion I it t SS o-  photon emission ri

t his case , it is clear that relat ive ly large I 10’ cm ’) excited state densities are req umred The

one-photon tunable \ laser is mor e favorable , w ith densities only ~~IO~~~ cm ’ needed

- — 
,i
~_ 
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